Study design: Retrospective descriptive study. Objective: Although muscarinic receptors are the main targets for the treatment of detrusor overactivity today, anticholinergic therapy is not satisfying in a substantial percentage of patients. Recently, overexpression of P 2 X 2 receptors in patients with idiopathic overactive bladder was demonstrated, indicating that purinergic innervation may play an important role in the pathophysiology of detrusor overactivity. We evaluated the expression of P 2 X 2 receptors in patients with spinal cord lesions. Setting: German university hospital. Methods: By immunohistochemical staining, the frequency and intensity of P 2 X 2 expression in bladder specimens from 15 patients with suprasacral spinal cord lesion were compared to those from 11 patients with bladder disorders not related to spinal cord injury (overactive bladder: n ¼ 6; chronic nonobstructive retention: n ¼ 2; bladder tumour: n ¼ 3). Results: Specimens (12/15) from patients with spinal cord lesions and specimens (8/11) without spinal cord lesions demonstrated staining for P 2 X 2 receptors in the detrusor muscle and the urothelium. There was a tendency towards a stronger staining in specimens from patients with spinal cord lesion. Conclusion: Our pilot study gives a first hint that the P 2 X 2 expression in patients with suprasacral spinal cord injury seems to be comparable to the expression in patients with idiopathic overactive bladder. Therefore, P 2 X 2 receptors in detrusor tissue may be a future target for the treatment of detrusor overactivity.
Introduction
Spinal cord lesions are well known to cause neurogenic bladder dysfunctions. 1 Suprasacral spinal cord lesions lead to neurogenic detrusor overactivity. An elevated storage pressure is the major risk factor for renal deterioration. 2 Therefore, the primary goal of bladder management in these patients is to achieve low pressure urine storage. 3 Today, detrusor relaxation by oral anticholinergic treatment along with intermittent catheterization is regarded as the standard first line treatment in patients with neurogenic detrusor overactivity. 4 Although cholinergic innervation is predominant in normal bladder tissue, 5 P 2 X receptor expression can be detected in a certain extent in normal bladder tissue as well.
Although the exact function of P 2 X receptors in bladder physiology is not completely clarified, there is a growing body of literature indicating that these receptors play a significant role in urinary tract disease. 6 The homomeric P 2 X 3 receptor and the heteromeric P 2 X 2/3 receptor seem to be involved in bladder sensory dysfunction and in bladder pain, for example, in interstitial cystitis. 7 Moreover, P 2 X receptors play a role in detrusor motor function as well. In patients with idiopathic overactive bladder (OAB), an increased expression of the P 2 X 2 subtype protein 8 and a loss of P 2 X 3 and P 2 X 5 proteins have been described. 9 Thus, it seems that an abnormal expression of P 2 X receptors may lead to a disturbance of the purinergic inhibitory control of the parasympathetic release of acetylcholine. 9 As, however, ATPase activity is also altered in the tissue of overactive detrusor, P 2 X receptor expression and abnormalities in ATPase activity may both influence purinergic signalling in detrusor overactivity. 10 Studies evaluating the expression of P 2 X receptors in neurogenic detrusor overactivity are rare. Brady et al. found an increased expression of P 2 X 3 protein, 11 and successful treatment of detrusor overactivity in these patients with Botulinum-A-toxin correlated with a decrease of P 2 X 3 receptors. 12 Bayliss et al. 13 demonstrated that specimens from patients with neurogenic detrusor overactivity did not show atropine resistance, whereas atropine resistant contractions were found in specimens from overactive detrusor tissue. The latter findings imply that there is a difference between the purinergic pathways in idiopathic detrusor overactivity and in neurogenic detrusor overactivity. The P 2 X 2 receptor subtype, which expression was demonstrated to be significantly increased in patients with idiopathic detrusor instability by about 50%, 8 has not been studied in neurogenic bladder dysfunction yet. This receptor has some unique features. It is not expressed at all in fetal bladders 14 and its expression is not altered by bladder outlet obstruction, although the expression of all other known P 2 X receptors has changed in this condition, indicating a plasticity in the purinergic innervation of the bladder when obstruction occurs. 15 Also, in patients with interstitial cystitis, P 2 X 2 receptor expression was unchanged when compared to normal detrusor tissue, whereas P 2 X 3 receptor expression was decreased. 7 Thus, the only condition altering P 2 X 2 receptor expression was idiopathic detrusor overactivity. Comparing expression in detrusor overactivity and in bladder dysfunction caused by suprasacral spinal cord injury (SCI) may, therefore, aid in answering the question if the P 2 X 2 receptors are predominantly interacting with bladder control on neuronal or muscular level. Thus, we studied the P 2 X 2 receptor expression in neurogenic detrusor overactivity.
Materials and methods
For immunohistochemical staining, 26 individual detrusor tissue specimens were evaluated. Specimens from 15 patients with suprasacral spinal cord lesion, 6 patients with idiopathic OAB and 5 patients without detrusor overactivity (2 patients, chronic non-obstructive retention; 3 patients, no bladder dysfunction; cystectomy for urothelial cancer of the bladder) were included. The tissue was isolated from cystectomy specimens (n ¼ 14), from patients receiving bladder augmentation (n ¼ 9) or from transurethral full thickness bladder resection (n ¼ 3). In all specimens, histologic evidence of cancer was excluded by a pathologist. The mean age of the 8 men and 18 women was 39.4 years (range 16-65 years). All patients with voiding disorders underwent urodynamic evaluation before surgery. In all patients with suprasacral SCI and in four of the six patients with idiopathic OAB, detrusor overactivity could be confirmed. The two patients with chronic retention presented with underactive detrusors.
Before the tissue specimens were taken, 4 of the 6 patients with idiopathic OAB and 12 of the 15 patients with suprasacral SCI had received at least one Botulinum-A-toxin injection. Time between the most recent injection and harvesting of the detrusor specimens was at least 10 months (range 10-18 months).
For all immunohistochemical staining procedures, formalin-fixed, paraffin-embedded tissue was used. The tissue was cut in 5 mm sections, deparaffinized in xylene and rehydrated. The sections were washed with Tris-buffered saline and were incubated with 5% normal goat serum for 30 min. After washing with Tris-buffered saline, the slides were incubated with a polyclonal rabbit anti-P 2 X 2 antibody (Alomone Labs, Jerusalem, Israel) at a dilution of 1:200 for 4 h at room temperature. Peroxidase was detected by adding AEC (3-amino-9-ethylcarbazol). The slides were counterstained with hematoxylin. Normal human bladder tissue served as a positive control. Omission of the primary antibody was used as a negative control.
Evaluation of the staining results
All slides were independently reviewed by two researchers blinded for the results of each other. At least 10 different section fields were evaluated by light microscopy. Staining was graded on a scale from 0 to 3 where 0 indicated no staining; 1, weak staining; 2, moderate staining; and 3, strong staining. In controversial cases, the specimens were classified according to the lower result. Moreover, the location of staining (urothelium/suburothelial layer/detrusor muscle) was noted.
Statistical analysis
For statistical analyses, a statistics and graphics management system (STATA, Santa Monica, California, CA, USA) was used. All data were analysed for statistical significance using Student's t-test. A value of Po0.05 was considered statistically significant.
Results
The interobserver variation was 7.7% (discrepancies between the two observers: n ¼ 2). In controversial cases, the specimens were finally classified according to the lower reading result. The strongest immunoreactivity was observed in the detrusor muscle, but weak urothelial staining was detectable in all specimens with positive staining (Figure 1) . No significant staining was detected in the suburothelial layer. Positive immunostaining for P 2 X 2 was found in 12/15 (80%) specimens of the SCI patients. In 7 patients, staining was weak. Moderate staining was detected in 5 patients. In the specimens of 3 SCI patients, no staining was found.
In the specimens of patients with idiopathic OAB, five of the six patients demonstrated weak staining. In this cohort, all 4 patients with detrusor overactivity demonstrated staining. In three of the five patients with either retention or without any bladder dysfunction, weak staining was found. Although there was a trend towards a more intense staining in the specimens from patients with neurogenic bladder dysfunction, this trend did not reach statistical significance regarding the entire group. Moderate staining, however, was significantly more frequently found in the SCI patient group. Subdividing the idiopathic OAB group in patients with proven detrusor overactivity (n ¼ 4) and patients with OAB symptoms did not lead to different results (data not shown).
In summary, 80% of the specimens from patients with SCI and 72.7% of those from patients without suprasacral SCI (idiopathic OAB: 83%; retention/no bladder dysfunction: 60%) demonstrated staining for P 2 X 2 . Although none of the specimens from patients without suprasacral SCI showed more than weak staining, in 5/15 (33%) specimens from SCI patients moderate staining was observed. Strong staining was not detected in any of the specimens. The degree of staining is depicted in Table 1 .
Discussion
Extracellular adenosine triphosphate binds to purinergic receptors of the P2 class including the transmembrane domainFcontaining P2Y receptors and the ligand-gated ion-conducting P 2 X receptors, of which 7 receptor subunits have been described (P 2 X 1 -P 2 X 7 ). 6 The expression of P 2 X receptors seems to differ between fetal and adult human bladder tissue. P 2 X 1 appears to be the main purinoreceptor, and its expression increases significantly in adulthood.
14 Therefore, a role of the P 2 X receptors in maturation of the lower urinary tract is discussed. 14 Furthermore, there is a growing body of literature indicating that these receptors play a significant role in urinary tract physiology and disease. 6, 16 Our pilot study is the first to evaluate the expression of P 2 X 2 receptors in neurogenic detrusor overactivity. P 2 X 2 receptors were detected in detrusor smooth muscle and urothelium. This finding confirms previous results from localization studies in animals 17 and humans. 7, 8 The data presented here demonstrate that P 2 X 2 receptors are frequently expressed in neurogenic detrusor overactivity. Moreover, we found P 2 X 2 receptor expression in idiopathic detrusor overactivity in 72% of the specimens, confirming previous findings that this receptor subtype is frequently expressed in tissues from overactive detrusors. Although there was no statistically significant difference regarding the incidence of P 2 X 2 receptor immunoreactivity between specimens from bladders with neurogenic detrusor overactivity specimens and the overactive detrusor group or normal controls, more pronounced staining was significantly more frequent in specimens from neurogenic detrusor tissue demonstrating detrusor overactivity. Thus, P 2 X 2 receptors seem to play a role in the purinergic control of neurogenic bladder dysfunction. Based on our results and previously published data, either changes in bladder function correlating with P 2 X 2 receptor expression may be more specifically linked to the detrusor muscle than to the neural supply, as P 2 X 2 receptor expression in idiopathic detrusor overactivity and suprasacral SCI, also leading to detrusor overactivity, are comparable. On the other hand, however, bladder obstruction and interstitial cystitis both can well lead to detrusor overactivity, but previous studies could not detect a change in P 2 X 2 receptor expression in these disorders. Therefore, it is also possible, or even more likely, that 'idiopathic' detrusor overactivity may be related to alterations in neural bladder control, which are too subtle to be readily diagnosed by our diagnostic means. In this case, the common P 2 X 2 receptor expression may indicate that both forms of bladder dysfunction are neurogenic, whereas bladder dysfunction due to interstitial cystitis or obstruction clearly is not.
Our pilot study has several drawbacks. The majority of the neurogenic bladder and idiopathic detrusor overactivity specimens were derived from patients undergoing urinary diversion or augmentation, indicating that these patients suffered from severe bladder dysfunctions, refractory to conservative means as well as to Botulinum-A-toxin injections. It would be of interest to study specimens from patients with less pronounced lower urinary tract dysfunction. Furthermore, in merely four of the six patients with OAB symptoms, detrusor overactivity has been proven by standard urodynamioc evaluation. Studies using ambulatory urodynamics, however, have demonstrated that a significant proportion of patients without detrusor overactivity at standard evaluation do have detrusor overactivity detected by this examination. 18 As subdividing the results of the idiopathic OAB group in patients with and without proven detrusor overactivity did not alter the results, we decided to present the data of patients with idiopathic OAB including Figure 1 Bladder urothelium, 400-fold magnification: weak urothelial staining for P 2 X 2 .
Purinergic receptors in neurogenic bladder J Pannek et al the patients with proven detrusor overactivity as a single group. Second, the number of patients included in out study is rather small. Moreover, the coexpression of the other P 2 X receptor subtypes may have been of interest. On the other hand, the main goal of our study was to evaluate the P 2 X 2 receptor expression in bladder specimens from patients with suprasacral SCI. Our study gives a first hint that P 2 X 2 receptors are at least as frequently expressed in this patient group as in idiopathic detrusor overactivity. Therefore, it may be awaited that both patient groups will profit from treatment with a selective P 2 X 2 antagonist. In summary, the P 2 X 2 expression in detrusors specimens from patients with suprasacral SCI seems to be comparable to the expression in detrusor tissues from patients with idiopathic OAB. Therefore, P 2 X 2 receptors in detrusor tissue may be a future target for the treatment of detrusor overactivity.
This option may not be far away anymore, although today merely preclinical data with selective P 2 X receptor antagonists exist. For example, intravenous administration of a P 2 X 3 -P 2 X 2/3 receptor antagonist in chronic suprasacral spinal cord injured rats decreased the number of nonvoiding bladder contractions and increased the interval between voids. 19 As oral application seems possible, this compound may become a new treatment option for neurogenic detrusor overactivity in the future.
